Context: Phytoplanktonic community structure in an aquatic body embodies the energy transfer through this phase and indicates the tropic status. Objectives: The present study was conducted to assess the phytoplankton abundance and species composition of Mouri River, Khulna, Bangladesh. Materials and Methods: Water samples were collected from six different stations once in a week for a period of 6 months (February-July) 2010. Results: In total 48 different species of 23 genus and 4 families were identified. Phytoplankton abundance varied from 805 to 1788 individuals/L in different stations. The highest abundance was observed for the family chlorophyceae that constituted 27-50.56% of the total phytoplankton biomass throughout the river. Highest number of phytoplankton species (22) was also recorded for the family chlorophyceae. The most diverse genus was Navicula (6). Some aspects of the water quality parameters were measured by regression analysis and significant correlations were also observed between water quality parameters and phytoplankton abundance. Water temperature, pH, DO, Free CO2, alkalinity, hardness, calcium and magnesium showed positive correlations with total phytoplankton abundance where as transparency, TDS, TSS, sulfate phosphate and nitrite showed negative correlations.
Introduction
Phytoplankton is one of the most important biological indicators of water quality as they are important primary producers and the basis of the food chain in aquatic environment. Phytoplankton communities represent the major source of organic carbon production in larger rivers ( Davies et al. 2008 ) and the primary oxygen source in low gradient rivers (Wehr and Descy 1998) . Phytoplanktons are also responsive to excessive supplies of inorganic nutrients and may pose problems in long stretches of water bodies with eutrophication. Thus, they may also enhance water quality for humans in rivers by agricultural or industrial uses (Reynolds 2003) . The species composition, abundance, distribution and diversity of phytoplankton are used to assess the biological integrity of the water body (Passy 2007) . Sometimes phytoplankton develops noxious blooms, creating an offensive taste, odor and toxic conditions that may result in animal death and human illness (Chattopadhyay and Banerjee 2007) .The ultimate aim of ecology is to study the interaction of organisms with their environment and the other organisms living in it (Wilson1992, Krebs 2001) . Riverine ecosystems are the integral and important component of freshwater ecosystem. The knowledge of phytoplankton in the aquatic environments could be useful in predicting the movement of herbivore fishes. Many species of river phytoplankton reproduce prolifically in rivers and achieve excess biomass levels (Sharma et al. 2007) . Year to year fluctuation in plankton quality is general phenomenon in freshwater impoundment and the factors attributed to it are variation in rainfall, siltation, depth of water body, pollution and other chemical factors (Bhaumik et al. 2006) . Phytoplankton communities undergo a continual succession of dominant species due to changes in growth factors, such as light, temperature and nutrients concentrations (Islam et al. 2008) . Over the last few decades, there has been much interest in the processes influencing the development of phytoplankton communities, primarily in relation to some physico-chemical factors (Ariyadej et al. 2004) .
The Moiur River is about 9.5 km long, flows at the North West side of the Khulna city and falls into the Rupsha River near Badamtala, Khulna, Bangladesh. From the very beginning of the Khulna city moderation for the civilian this river is used as the dumping ground of various municipal, industrials and domestic wastes. Under the Khulna Development project the river is controlled by established sluice gate at the opening mouth near Badamtala in 1983 to recover the lands which were under tidal action. Since then the river acts as the reservoir of wastes produced from various sources in Khulna city. There are about 18 big and small canals and drains that drain out the effluents and waste products from the whole Khulna city. The total system has been making the river polluted day by day. But the river still acts as a source of fish production and many people use this river water for their domestic uses. There is a dearth of information on phytoplankton community of different rivers of Bangladesh and particularly there is no previous ecological investigation on the Moiur River. Considering these facts, present investigation was carried out in the Moiur River, Khulna, which is heavily polluted by sewage and industrial effluents (Sabbir et al. 2010) . The objectives of the present study were to assess the species composition, abundance of phytoplankton in the Moiur River and also to determine phytoplankton abundance in relation to some physico-chemical parameters of water.
Materials and Methods
Selection of the study area Six different stations were selected at 1.5 Km interval. The stations were Rayar Mohal (Station-I), Shashanghat (Station-II), Gollamari bridge (Station-III), near Moulovir Dargah (station-IV), Nirala grave yard (Station-V) and Ten gate (Station-VI). Sample collection Samples were collected from six different stations at morning (8-9 am). Phytoplanktons were collected by 25µm mesh sized plankton net. Phytoplankton samples were then preserved with Lugol's Solution at a rate of 1 ml per 250 ml samples. Samples were preserved in plastic bottles.
Identification of phytoplankton and counting
Phytoplankton identification was performed according to the literature (APHA 1992, Bellinger 1992) The Sedgwick-Rafter (S-R) cell (50 mm long, 20 mm wide and 1mm deep) was used for the counting of phytoplankton. To identify the phytoplankton, preserved samples were gently shaken to re-suspend all materials and allowed to settle for one minute. Then 1 ml sub-sample was examined using S-R cell and a binocular microscope. The S-R cell is equally divided into 1000 fields, each having a volume of 0.001 ml. Phytoplankton counting was then performed by using the following formula:
No /ml = C x 1000 mm 3 L xD x W x S Where, C = Number of organisms counted; L = length of each strip (S-R cell) in mm; W = Width of each strip (S-R) cell in mm; D = depth of each strip (S-R cell) in mm; and S = number of strips counted.
Water quality parameters
Mercury thermometer, pH meter (HI 98107) and Secchi-disc were used to measure water temperature, pH and transparency respectively. Dissolve oxygen, free CO2, alkalinity and hardness were measured by titrimetric method (Greenberg et al. 1992) . Sulfate, phosphate, calcium and magnesium were determined according to the methods of Romesh and Anbu 1996) . Nitrate was determined by colorimetric method. Total dissolved solids (TDS) and total suspended solids (TSS) were measured according to Ragothaman and Trivedi (2002) .
Results and Discussion Species composition of phytoplankton
In the present investigation, 4 different classes (chlorophyceae, cyanophyceae, bacillariophyceae and euglenophyceae), 23 genus and 48 species of phytoplankton were identified in the Mouri river (Table 1) . Out of these identified 48 species, 22 belonged to the class chlorophyceae, 9 to bacillariophyceae, 7 to euglenophyceae and 10 to cyanophyceae. The highest number of phytoplankton species diversity was observed to be 20 in the station-4 and the lowest number was 15 in the station-1. The species Oscillatoria irriguna was found in all the 5 stations exhibiting maximum occurrence. On the other hand, Ankistrodesmus falcatus, Panorina morum, Nitzschia recta, N. denticula, Euglena viridis, Phacus acuminatus and Oscillatoria chloria were found in 4 stations and the others were least abundant; found in 1 or 2 or 3 stations. Pollution indicating species of phytoplankton were found throughout the river. 
Class Identified Species S-1 S-2 S-3 S-4 S-5 S-6
Ankistrodesmus falcatus P P P --P 
Chlorella vulgaris
Nitzschia ventricosa
Bacillariophyceae
Navicula bacilloides ---P --
Euglena viridis
Phacus acuminatus P P P P --
Euglenophyceae
Phacus curvicula ---P P -
There were 135 species and 7 divisions of phytoplankton determined from the Banglang reservoir (Ariyadej et al. 2004 ). In the Okpoka creek, Wehr and Descy (1998) identified 7 families, 61 genus and 112 species of phytoplankton. Chattopadhyay and Banerjee (2007) Identified 43 species, 7 genus and 4 families in a small freshwater lake where cyanophyceae was the dominant. Onyema (2007) Identified 48 species from 26 genera and 3 classes in a polluted estuarine creek and Chindah (1998) identified 50 species in a municipal waste water treatment system where as Jahangir et al. (2000) identified 205 species of phytoplankton from an ecologically balanced and productive river. Thus, the results of the present experiment confirmed the narrower species composition of phytoplankton in the Moiur river. Hosetti (1987) reported that abundance of Chlorella, Microcystis and Scenedesmus may be considered as indicators of organic pollution. However, it is also reported that Euglena and Oscillatoria could also be reliable indicators of eutrophication (Hosetti and Kumar 2002) . As all of the pollution indicating phytoplankton are available throughout the river and results of the present study also support the study of 23 and 18; indicating polluted water of the river.
Phytoplankton abundance
The mean total phytoplankton abundance in different stations of the Moiur River has been presented in Fig.1 . In different stations the phytoplankton abundances were found to be 820 ± 13.2, 844± 13.52, 985 ± 18.02, 1175 ± 47, 1439 ± 80.5 and 1696 ± 82.14 individuals/ liter respectively. The range of phytoplankton abundance was varied from 805 to 1788 individuals/ liter in different stations. The group wise distributions of phytoplankton at different stations have also been presented in Table 2 . Chlorophyceae was the most dominant group throughout the river constituting 27% to 50.56% of the total phytoplankton biomass. On the other hand euglenophyceae was the lowest abundant group constituting 5.89% to 35.05% of the total plankton biomass at different stations in the river. Ariyadej et al. (2004) reported that chlorophyceae was the most dominant group (50% of total plankton) in freshwater reservoir and also reported the phytoplankton abundance as 2.1 x 10 9 cells m -3 . In freshwater creek ecosystem, Davies et al. (2008) observed bacillariophyceae (diatom) as the dominant group (35.2% of total phytoplankton) and total phytoplankton abundance as 7166 individuals/l. Onyema (2007) observed lower load of phytoplankton in a polluted estuarine creek ranging 726-1751 units/l where as in a productive river Jahangir et al. (2000) observed very suitable amount of phytoplankton abundance for aquatic life ranging 3652-5459 individuals/l in different seasons. Bhaumik et al. (2006) reported phytoplankton abundance as 4684-4726 indv./l, 4984-5460 indv./l and 2134-3380 indv./l during winter, summer and monsoon seasons in a productive beel. Chindah et al. (2007) also reported lower load of phytoplankton in municipal waste water treatment system. Phytoplankton abundance in the present study always showed greater deviations from the abundance of productive water bodies but supports the findings of the polluted water. Thus, the results of the present study confirmed that the abundance of phytoplankton is very low in the Moiur river. The lower phytoplankton abundance was due to the excessive load of pollutants within the river that come from municipal, urban and industrial wastage and effluents. Phytoplankton abundance in relation to some physico-chemical parameters Some aspects of physico-chemical parameters of the river were measured but varied from place to place and month to month. Significant correlations were observed between phytoplankton abundance and different physico-chemical parameters (Table 3 ). The measured parameters showed a great deviation from the optimum or standard levels in almost all cases. The parameters tend to be better towards the downstream but in upstream areas water quality was very poor. The poor water quality in upstream areas of the river was due to the higher dumping rate in these areas. As the water moves, the pollutants tend to decrease toward the downstream and that's why phytoplankton abundance was found to be higher in downstream areas (stations-4, 5 and 6) . During the present investigation temperature, pH, dissolved oxygen (DO), free CO2, alkalinity, hardness, calcium and magnesium showed positive correlation with total phytoplankton abundance. But transparency, total suspended solids (TSS), total dissolved solids (TDS), SO4, PO4 and nitrate showed negative correlations with phytoplankton abundance. Ariyadej et al. (2004) observed significant correlation of phytoplankton with several water quality parameters viz. temperature, pH, DO, transparency, nutrients and conductivity. Such significant correlations of phytoplankton abundance with the physico-chemicals are also observed by some other authors as well (Uye and Shimazu 1997 , Chindah 1998 , Jahangir et al. 2000 , Back et al. 2006 , Wehr and Descy 1998 . Onyema (2007) observed the highest abundance of phytoplankton in a polluted lake during rainy season due to the lower load of pollutants and also observed lower O2 content (3.8-4.2 mgl -1 ), higher pH (8-9), higher level of PO4 and very high biological oxygen demand (>18 mgl -1 ). All of the measured water quality parameters in the present study showed sharp deviation from required level for aquatic organisms. The water of the river is almost unsuitable for fish and other important nektonic species.
Conclusion
The phytoplankton abundance, species composition and some water quality parameters of the Moiur river were determined successfully in the present study. This river acts as the main dumping site of wastage of Khulna city. Many people live on the bank of this river and use the polluted water for various purposes. Thus, proper treatment system must be used to purify the water while dumping. Proper steps should also be taken to save the biodiversity of the river and to make the river water suitable for aquatic organism as well as usable for various domestic, industrial and other activities.
